Purpose: To use the International Outcome Inventory for Hearing Aids (IOI-HA) with patients having advanced hearing aid technology to assess their satisfaction and benefit focusing on gender and experience effects, compare to norms, and use the IOI-HA and a practice-specific questionnaire to monitor the quality of the services provided by a dispensing practice.
A ssuring that the audiologic intervention provided by hearing health-care professionals is at a high level should lead to improvements in patients' health-related quality of life (HRQoL). Because perspectives, attitudes, communication needs, environments, and hearing losses differ, it is important to monitor outcomes for specific patients in order to individualize care for improvement in HRQoL (Chisholm et al, 2007; Jerger, 2007) . Patients' opinions about their audiologic interventions and satisfaction with rehabilitation efforts, especially those involving hearing aids, are important for measuring outcomes addressing individuals' needs as well as the success of private practices themselves.
Although essential to successful fittings, objective electroacoustic and real-ear measurements alone do not ensure patients' satisfaction with hearing aids and services provided by hearing health-care professionals. In addition to improvements in communication and real-world functioning, the domain of satisfaction also involves patients' relationships with their service providers, the ease of access to services, and the influence of factors such as cosmetics, comfort, expectations, and perceived value.
Earlier, Cox and Alexander (2002) and Cox et al (2003) developed and described the International Outcome Inventory for Hearing Aids (IOI-HA) as a seven-item, patient self-report outcome questionnaire that could be used as both a clinical tool to evaluate service facilities and a research instrument. The developers of the IOI-HA designed it to be attached to other self-report measures for specific applications to provide results that can be combined or compared across otherwise incompatible studies. The seven questions on the IOI-HA address hearing aid daily use (Use), benefit (Ben), residual activity limitations (RAL), satisfaction (Sat), residual participation restrictions (RPR), impact on others (Ioth), and quality of life (QoL). Cox et al (2003) provided normative data for the IOI-HA that can serve as a baseline for evaluating and comparing real-world effects of a variety of hearing aid features. They also explored the effects of gender and experience on patients' responses to the IOI-HA. No significant interactions were observed for gender. Only one item (1, addressing hours of daily use) yielded a significant difference between experienced and new hearing aid users.
The IOI-HA has been shown to have high internal consistency, and it can be analyzed in terms of an overall score or on two different factor analyses, and inter-item correlations between and among items have indicated that it can be used to assess patients' responses on two factors (Cox and Alexander, 2002) . Factor 1 (F1) includes Use, Ben, Sat, and QoL; is interpreted as ''me and my hearing aids''; and relates to the patient's introspection about hearing aids (Cox and Alexander, 2002) . Factor 2 (F2) includes RAL, RPR, and Ioth; is labeled as ''me and the rest of the world''; and relates to hearing aids' influence on the individual's interaction with the outside world (Cox and Alexander, 2002) . The IOI-HA has been shown to be a valid instrument for distinguishing patients who are satisfied with hearing aids from those who are not, but it has not been determined whether hearing aid users' gender or experience affects the F1, F2, or overall scores (Cox and Alexander, 2002) . Jacobson and colleagues (2001) developed the Three-Clinic Hearing Aid Selection Profile (HASP) that evaluates patients' beliefs about critical factors (e.g., motivation, expectations, cost, cosmetics, technology, physical function/ limitations, communication needs, and lifestyle) in the hearing instrument selection process. Using the HASP, they found that women had a higher motivation to obtain hearing aids and greater expectations for them than did men. Moreover, women felt slightly more comfortable with higher technology and had a greater need for amplification than men, who on the other hand, were more appearance-conscious than women. Regarding previous hearing aid use, those patients with prior experience were more motivated to pursue amplification than new hearing aid users. These prefitting differences found for gender and hearing aid experience could impact users' postfitting acceptance and satisfaction with amplification. Therefore, it would be interesting to determine the existence of any significant differences or interactions between or among these variables when considering hearing aid outcomes as measured by F1, F2, or overall IOI-HA scores. Significant differences and/or interactions might necessitate the use of separate IOI-HA norms for these particular scores for patients based on gender and previous hearing aid experience.
In addition to hearing aid outcomes, it is important for hearing health-care providers to monitor quality assurance (QA) by documenting and analyzing the benefits that patients receive from the services they provide. In this way, hearing health-care providers can be assured that they are delivering quality services and that patients' performance and satisfaction with their hearing aids are at high levels. Using subjective self-report satisfaction questionnaires as outcome measures is an appropriate way to assess patients' status as a result of audiologic intervention and to monitor QA in private practices (Bentler and Kramer, 2000; Cox et al, 2003) . Use of such measures can help practices develop ways to improve services they deliver to their patients. The general goal of outcomes measurement is to provide objective information to patients, audiologists, and third-party payers to promote data driven decision-making by hearing healthcare providers . Outcome Satisfaction with Hearing Aids/Williams et al measures that assess patients' subjective ratings can also complement objective electroacoustic test-box and real-ear analyses and allow hearing health-care professionals to modify and determine the success of hearing aid fittings.
Collecting satisfaction data about hearing aids and service delivery can provide audiologists with important information regarding the success of intervention, which should maximize the opportunity for positive patient outcomes (Cox et al, 2003; Chisholm et al, 2007) . Also, assessing the relationship between patients' satisfaction with their hearing aids and the quality of services provided may help audiologists determine which patients may need extra attention during the hearing aid fitting and follow-up process. Cox et al (2003) suggested that future studies should administer the IOI-HA to persons using advanced hearing aid designs. The purposes of this study were to assess patients' satisfaction and benefit with their hearing aids focusing on gender and experience effects; expand upon the Cox et al (2003) study using the IOI-HA with patients having advanced hearing aid technology; and use the IOI-HA and a practice-specific questionnaire to monitor the quality of the services provided by a particular dispensing practice.
METHOD Private Practice Description
The private practice in this study, Hearing Consultants of California (HCC), has been a family-owned and operated audiology business for over 25 years. The same hearing health-care professionals at HCC run two offices, one located in Santa Barbara and the other in Lompoc, California, which are about an hour apart. Both offices serve a variety of patients of all ages and hearing loss types.
Questionnaires
Two questionnaires were used in this study. The first was a 12-item, one-page, practice-specific questionnaire (shown in Appendix 1 along with participants' responses) developed for this study to obtain patients' demographic information and answers to questions addressing their opinions of HCC's staff and office protocols to help monitor its QA. Information obtained from their responses to these questions was used to group the participants for analyzing their answers to the IOI-HA. The second questionnaire for this study was the IOI-HA developed by Cox and Alexander (2002) and Cox et al (2003) . Earlier, Cox and Alexander (2002) determined that the IOI-HA was well suited to be administered alone or in combination with practice-specific questionnaires. The IOI-HA was designed to be short and general enough to meet the needs for combining and comparing results from diverse studies and service settings (Cox and Alexander, 2002 ). The IOI-HA was used here to assess patients' satisfaction with their current hearing aids. The seven IOI-HA items and the participants' responses to them are shown in Appendix 2.
Both questionnaires were scored from 1 to 5 representing responses from left (worst) to right (best) so that higher scores reflected better outcomes. The numbers and percentages of patients responding to each item on the questionnaires are provided in Appendixes 1 and 2. Although the maximum possible number of responses was 64, in some cases it was smaller if participants failed to provide a response or wrote in ''N/A'' (not applicable) for certain items. The unanswered and N/A responses were not used in calculating the totals or the percents for those items.
Participants, Hearing Aid Fitting Protocol, and Dissemination of Questionnaires
All 160 patients that met the inclusion criteria and purchased hearing aid(s) from HCC between August 2006 and August 2007 were mailed questionnaires at least three months after completing their 30-day (or longer) trial period, which should have provided sufficient time for acclimatization to their new devices. Similarly, Cox and Alexander (2002) stated that 84% of their subjects had worn their hearing aids for at least three months prior to completing the IOI-HA. In addition, earlier studies (e.g., Cox et al, 1996; Humes and Wilson, 2003; Kuk et al, 2003; Munro and Lutman, 2004; Reber and Kompis, 2005; Prates and Iorio, 2006; Yund et al, 2006) investigated users' objective audiometric scores and subjective questionnaire results and found that most acclimatization occurred within the first few months after the hearing aid fittings. Administration of the questionnaires at least three months following the end of the trial periods here was also consistent with our personal experience. We have found that most patients seem to adapt to their hearing aids within that time frame, especially considering that HCC typically sees them every week during the trial period to assess their progress, address any issues they may have, and help them to become comfortable in using their devices optimally before consummating the purchase.
Participants were from both HCC offices, and included monaural and binaural, new and previous hearing aid users who had active mailing addresses in the practice's office/data management system. In addition to the above inclusion criteria, respondents had to be English-speaking, adult, and competent. All patients had to have purchased their hearing aids privately or through insurance coverage. Patients having Medi-Cal coverage (i.e., California's version of Medicaid) were excluded from the study because MediCal did not pay for hearing aids having the advanced technology evaluated in this study. All the hearing aids had to be multichannel digital products having automatic dynamic directional microphones and were fit by the same professionals at HCC using the same procedures and real-ear verification protocol (as summarized in Appendix 3). Any patients who were unsatisfied were free to return their hearing aids without repercussions. Patients did not pay for their hearing aids until the end of the trial periods, and then only if they were satisfied with the aids. The institutional review board at the University of California Santa Barbara approved this project as ''exempt'' from needing any informed consent from the participants due to the questionnaire nature of the study.
Data Preparation and Analysis
All supplies needed for the study (e.g., envelopes, address labels, stamps, and printer paper and cartridges) were purchased by HCC. The first author maintained a database of patients seen by HCC during the period of this study and compiled the questionnaires and mailed them to the potential participants at least three months after they completed their trial periods. Returned surveys were numbered, placed into a notebook, and then entered in an Excel spreadsheet. Participants' demographic information and responses were tracked on the Excel spreadsheet for analysis. The patients' responses were tallied, and calculations were made of the numbers and percents responding to each item on the questionnaire, which are shown in Appendixes 1 and 2. Data entry and analysis were completed independently by one experimenter and then verified by another. The demographic information retrieved from the practice-specific questionnaire was used to determine that respondents met the study criteria listed earlier and that the numbers of males and females and new and previous hearing aid users were sufficient for the IOI-HA analyses according to those categories. The rest of the practice-specific questionnaire provided information about the patients' satisfaction with their hearing aids and the services they received from HCC; the results were also compared to those from the IOI-HA.
In preparing the respondents' data for analysis, it was determined that nine patients' questionnaires had to be removed from further consideration (four were Medi-Cal recipients, three had missing answers to critical demographic questions, and two were nonEnglish speakers), and they were treated as dropouts. A power analysis was calculated and revealed that 19 respondents per group were needed for the IOI-HA results to have a statistical power of .80 and probability of a Type II error of .20.
Briefly, a power analysis was calculated to determine adequate sample size using the following formula:
Here, z represents a standard normal distribution; a is the probability of a Type 1 error (0.05); b is the probability of a Type II error (for our purposes, it is 0.20); s is the standard deviation; and D is a clinically relevant difference. The normative data from the Cox et al (2003) study were used for the power analysis. Cox and colleagues reported means and standard deviations for the seven items on the IOI-HA for two groups of subjects (i.e., those with ''mild to moderate'' [Mild-moderate] and ''moderately severe and worse'' [Mod-severe+] subjective, unaided hearing difficulties). The numbers 1 through 7 (for each item on the IOI-HA) were put into a hat and item 6 (impact on others) was randomly selected for use in the power analysis here. The standard deviation for item 6 was nearly equivalent for both groups of hearing aid wearers and was rounded to 1.1 for use as ''s'' in the equation. We considered that a value of 1.0 (on a sixpoint scale) would be sufficient to reflect a clinically relevant difference (i.e., D). Therefore, in order to achieve 80% power for detecting a one-unit difference for item 6 on the IOI-HA (having a reported standard deviation of 1.1), a sample of 19 patients was needed in each group.
RESULTS AND DISCUSSION
T he respondents' data were analyzed to determine if there were differences in their satisfaction with their hearing aids based on gender or experience as measured by the two factor and the overall scores on the IOI-HA. The results were then compared to those of Cox et al (2003) to see if there were differences between the studies and, if so, whether hearing aid technology might have contributed to them. Lastly, these respondents' satisfaction with the services rendered by their provider was assessed using the IOI-HA items and the practicespecific questionnaire for QA.
Response Rate
Of the initial 160 mailings to hearing aid patients' households, two were undeliverable by the postal service; 73 were returned for a 46% response rate. After accounting for the dropouts (as indicated above) whose data were omitted from further consideration, 64 respondents' questionnaires were useable for analysis. The 64 respondents included 34 males and 30
Satisfaction with Hearing Aids/Williams et al females, and 30 new and 34 previous hearing aids users, who ranged from 22 to 94 (mean 5 73) years of age. Participants' hearing loss types and configurations varied from mild to profound as seen from the mean pure-tone thresholds for each ear in Figure 1 . These patients had predominately bilateral, sensorineural hearing losses, and their average thresholds were very similar to those in the Cox et al (2003) normative study. Potential reasons for not returning completed questionnaires involved surmised (e.g., paucity of time or lack of interest) and actual (e.g., mail delivery problems from inaccurate addresses due to patients relocating and failing to update their current information with HCC) issues. Some caution should be exercised in viewing these results. As indicated by Cox and Alexander (2002) , it is possible that findings on this type of questionnaire in which patients self-select their participation could be biased in favor of those who were generally pleased with their hearing aids and services, if those who were unsatisfied chose not to respond. Cox and Alexander (2002) pointed out that this potential problem is almost unavoidable in any retrospective study of this type. Indeed, the rapport established by the HCC providers during the trial period described earlier could have promoted this type of outcome for these patients and this particular practice. This is a possibility that cannot be overlooked but that likely speaks to why the participants were so overwhelmingly positive about their hearing aids and the services rendered by HCC. It is impossible to tell whether similar outcomes would be achieved by practices that provide different types of trial periods where patients are not seen weekly and where they must pay for their devices and services before the end of the trial period.
Gender and Hearing Aid Experience
As indicated above, a power analysis revealed that 19 respondents per group were needed to detect a significant difference at the p , .05 level. The respondents' means and standard deviations for their responses to the items on the IOI-HA are shown for the independent variables of gender and experience for all three measures (i.e., F1, F2, and overall scores) on Table 1 . Three separate 2 3 2 (gender 3 experience) between-subject factorial analyses of variance (ANOVA) were conducted on the three scores derived from the respondents' responses to the IOI-HA (described earlier): (1) Factor 1 (i.e., ''me and my hearing aids'), (2) Factor 2 (i.e., ''me and the rest of the world''), and (3) an overall score. For all three analyses, no significant main effects were found for gender on Factor 1 (F[1,60 Cox and Alexander (2002) , no statistically significant differences were observed for these participants' F1, F2, and overall scores on the IOI-HA. Also, consistent with Cox et al (2003) , no statistically significant gender or experience effects were found for these participants. 
Comparison of Present Results to Those of Cox et al (2003)
The results of this study were similar to those of Cox et al (2003) , who generally found no differences for gender and experience. Therefore, the results indicated that any differences attributed to gender or experience that have been found by other investigators during the hearing aid selection process were not evident when measuring postfitting outcomes here. One possible explanation is that the F1, F2, and overall IOI-HA scores may not be sensitive enough to detect differences between male versus female or new versus experienced hearing users. For example, use of another outcome measure, such as the Hearing Handicap Inventory for the Elderly (Ventry and Weinstein, 1982) , which is sensitive to the social and emotional impacts of hearing loss, may be able to show gender differences more readily than the IOI-HA. Still another reason for these results might have been the lack of variability among scores due to a ceiling effect, because most of these patients were satisfied with their hearing aids, which could have precluded the detection of gender or experience effects on the IOI-HA. Nevertheless, the audiometric characteristics, ages, and previous hearing aid experience revealed that this was a heterogeneous group of participants who were generally satisfied with their instruments.
One purpose of this study was to comply with Cox et al's (2003) suggestion for replicating their previous study using patients fit with hearing aids of higher technology. Figure 2 summaries this comparison. Recall that Cox et al's (2003) normative data were obtained for analog, single-channel, single-memory, compression processing, in-the-ear hearing aids, while the present results were collected from individuals using more advanced hearing aid technology.
Unfortunately, direct statistical comparisons between all of the results of their study and this one were not possible due to incompatible means and standard deviations for Cox et al's (2003) data. Cox et al's (2003) normative data reported means and standard deviations for each of the IOI-HA items that were split for each of two subgroups (''mild to moderate'' and ''moderately severe or worse'' hearing losses), which they determined subjectively by asking their participants an eighth question (''How much hearing difficulty do you have when you are not wearing a hearing aid?'') in addition to the seven standard items on the IOI-HA. We did not ask our participants the eighth Satisfaction with Hearing Aids/Williams et al question, which precluded us from separating them into the same two categories that Cox et al (2003) used. Even if they were compatible, conducting multiple ttests on all items across the entire data sets of the two studies would have been inappropriate because of the possibility of finding some significant results due to chance. However, some limited comparisons seemed warranted. We computed group weighted-average means and pooled standard deviations for items 4 (satisfaction) and 7 (quality of life) from table 4 of the Cox et al (2003) study and compared them to our participants' data for these questions. The main reason for making such comparisons would be to determine how our results compared to those of Cox et al (2003) with regard to improvements in hearing aid technology. The demographic information for the two studies indicated that our participants were very similar to theirs, with hearing aid technology being the only main difference. Student's t-tests for independent samples indicated that the hearing aid wearers' mean satisfaction rating (M 5 4.09, SD 5 .95) from the present study was significantly higher than that (M 5 3.2, SD 5 1.21 for Mild-moderate; M 5 3.84, SD 5 1.17 for Mod-severe+; computed combined M 5 3.52, SD 5 1.19) of Cox et al's (2003) participants (t 5 3.41; df 5 206; p , .0005), and that the mean quality of life rating (M 5 3.87, SD 5 .89) in the present study was significantly higher than that (M 5 3.19, SD 5 0.93 for Mild-moderate; M 5 3.68, SD 5 1.02 for Modsevere+; computed combined M 5 3.43, SD 5 0.98) of Cox et al's (2003) participants (t 5 3.05; df 5 206; p , .0005). Although this was encouraging, we certainly can not make that claim for the other items on the IOI-HA.
These findings suggest that the participants in this study who were fit with more advanced hearing aid technology were more satisfied and perceived a greater improvement in quality of life than did the patients from the Cox et al (2003) study who were fit with analog, single-channel, single-memory, compression processing, in-the-ear hearing aids. It is reasonable to expect that more advanced hearing aid technology should result in better outcomes than older devices. These limited statistical comparisons suggested that our patients' positive satisfaction may have been due at least in part to advanced hearing aid technology. These findings differed somewhat with conclusions from Taylor et al's (2001) systematic review, which compared digital signal processing to analog hearing aid circuitry and found no differences in patient satisfaction with advanced hearing aid technology. However, that review may not accurately reflect changes in hearing aid technology that occurred since its 2001 publication date and the present study. That and the significant mean differences found here suggest that both normative data for outcome measures and systematic reviews may need to be updated periodically to account for advancements in technology. At the very least, the results of this study warrant future research comparing the relative benefits of advanced digital signal processing hearing aids over traditional circuitry.
Relationship between the Overall IOI-HA Score and the Practice-Specific Questionnaire for Patients' Satisfaction with the Provider A Pearson-product moment correlation revealed a significant, but weak, positive relationship (r 5 .34; df 5 63; p , .05) between patients' overall IOI-HA scores and their responses to item 11 on the practice-specific QA questionnaire, which asked, ''Considering everything, how would you rate the quality of service you have received from Hearing Consultants of California?'' This correlation would be expected considering that patients who are satisfied with their hearing aids are usually also satisfied with and have confidence in the professionals that programmed and fit their devices. Patients' satisfaction with their hearing aids and providers can not be measured objectively with electroacoustic and real-ear verification methods. However, subjective questionnaires like the two used in this study that assess other factors (e.g., patients' relationships with their service providers, years of access to services, cosmetics, comfort, expectations, and perceived value, which all play a role in overall satisfaction) can provide considerable insight about patients' preferences.
The respondents' very high rating of user satisfaction noted here (i.e., 86% said they were ''moderately satisfied'' or ''very satisfied'' with their hearing aids on item 6 of the IOI-HA, and 92% rated the quality of service they received as ''very good'' or ''excellent'' on item 11 of the practice-specific questionnaire) is impressive. However, this percentage could be inflated because of the questionnaire nature of this study. Participants obviously knew the source of the questionnaires and that their responses would be read by their hearing health-care professionals at HCC. As a result, participants may not have been completely honest in their reporting; they might have responded so positively because they truly liked the health-care providers at HCC, or they could have feared incurring reprisals in future services for giving negative responses. This is always a concern in this type of study when a practice asks its own patients to rate their services. The results of this study could also have been biased by the fact that all of these participants' hearing aids were purchased either privately or by third-party insurance, and excluded those persons with Medi-Cal coverage.
SUMMARY AND CONCLUSIONS
T his study expanded on that of Cox et al (2003) by using the IOI-HA and a practice-specific questionnaire to assess patients' benefit from and satisfaction with their newly purchased hearing aids having advanced technology, and monitored the quality of the services provided by a dispensing practice. This investigation focused on gender and experience effects of patients from a single practice who purchased advanced technology digital hearing aids between August 2006 and August 2007. Patients received the two questionnaires at least three months after completing a 30-day (or longer) trial period. Similar to Cox and Alexander's (2002) findings, no statistically significant differences were observed for these participants' F1, F2, and overall scores on the IOI-HA. Also, consistent with Cox et al (2003) , no statistically significant gender or experience effects were found for these participants. Although no descriptive differences were noted between the two studies for the seven items of the IOI-HA, a limited statistical comparison for items 4 (satisfaction) and 7 (quality of life) revealed that the present participants' results may have been influenced positively by the more advanced technology available in their hearing aids. Overall, both studies found high levels of patient satisfaction with their hearing aids. The high levels of satisfaction were supported by comparisons of the IOI-HA overall scores and the patients' responses to the practice-specific questionnaire. These findings concur that, regardless of their gender or experience, patients who are satisfied with their hearing aids should also be happy with the professionals that dispensed them.
The results of this investigation support Cox and colleagues' (2003) contention that the IOI-HA can be used along with practice-specific questionnaires as research tools to study users' satisfaction with their hearing aids and as clinical outcome measures to monitor quality assessment for individual practices. Again consistent with Cox et al (2003) , the present study showed that these patients were generally happy with their hearing aid outcomes, yet there was still room for improvement (e.g., overall satisfaction scores with IOI-HA means ranged from 3.75 to 4.38 out of a possible 5.0). Thus, in addition to assessing overall satisfaction, this type of investigation can assist individual practices in identifying particular patients who are less pleased with their hearing aids and/or service providers and target them for follow-up that is necessary to improve their opinions and outcomes. This can benefit individual providers and the profession in general by helping them achieve higher levels of patient satisfaction with their hearing aids and services rendered. 
